Introduction: Electronic cigarette use is rapidly gaining in popularity. However, little is known about correlates and reasons for electronic cigarette use by women of reproductive age, a group for which the safety and efficacy of electronic cigarette use is of particular interest. Methods: As part of a clinical trial for smoking cessation, we surveyed pregnant smokers about their lifetime use of electronic cigarettes, previous use of any adjunctive treatments for smoking cessation, and use of electronic cigarettes during pregnancy. We examined associations between electronic cigarette use and participant characteristics. Results: Fifty-three percent (55/103) of participants had previously tried electronic cigarettes. Ever users smoked more cigarettes per day before pregnancy (p = .049), had a greater number of previous quit attempts (p = .033), and were more likely to identify as being Hispanic or non-Hispanic white than never users (p = .027). Fifteen percent of participants (15/103) reported previous use of electronic cigarettes for smoking cessation, which was more common than the use of any specific FDA-approved smoking cessation medication. Fourteen percent of participants (14/103) reported electronic cigarette use during pregnancy, most commonly to quit smoking. A history of substance abuse (p = .043) and more previous quit attempts (p = .018) were associated with electronic cigarette use during pregnancy. Conclusions: Use of electronic cigarettes to quit smoking may be common in women of reproductive age, including those who are pregnant. More research is needed to determine the risks and benefits of electronic cigarette use in this population of smokers. Implications: This study shows that electronic cigarettes are used by women of reproductive age, including pregnant smokers. The implications of this finding are that there is an urgent need to examine the risks and benefits of electronic cigarette use, especially by pregnant women. The study also shows that electronic cigarettes are commonly used as a smoking cessation aid in women of reproductive age. The greater likelihood of electronic cigarette use compared to proven adjunctive smoking treatments suggests that electronic cigarettes should be examined as a potential aid to cessation in this population.
Introduction
Electronic cigarette use is increasing in the United States, especially in younger individuals. [1] [2] [3] [4] Recent surveys in young adults showed that electronic cigarettes are perceived to be less likely than cigarette smoking to cause lung cancer or have less adverse effects during pregnancy. 5, 6 Moreover, a recent review and case report showed that pregnant women may be using electronic cigarettes with some frequency. 7 Although there is considerable evidence that electronic cigarettes reduce toxicant exposure compared to regular cigarettes, 8, 9 they may have unknown health risks.
Despite the growing popularity of electronic cigarette use, there is a paucity of data on correlates of and reasons for electronic cigarette use in various populations of smokers. People may use electronic cigarettes for a variety of reasons, including to reduce or to quit smoking. 3, 10 Female smokers of reproductive age who use electronic cigarettes may have greater nicotine dependence and more quit attempts. 10 Unfortunately, it is not yet clear whether electronic cigarette use aids in smoking cessation. Although available evidence suggests that electronic cigarettes could increase long-term cessation rates, more studies are needed to substantiate this effect. 11, 12 The present study examined electronic cigarette use among women of reproductive age who were entering a trial of nicotine replacement therapy for smoking cessation during pregnancy. We sought to describe the characteristics of pregnant women who have used electronic cigarettes and compare the frequency of electronic cigarette use for smoking cessation to that of medications that are approved by the US Food and Drug Administration (FDA) for that indication. Given the paucity of data on use of electronic cigarettes in pregnant women, and concern that flavorings and additives in electronic cigarettes may pose general and reproductive health risks, [13] [14] [15] [16] [17] we added questions about electronic cigarette use during pregnancy to the evaluation completed by a portion of the study sample.
Methods
We collected data for the current report as part of screening assessments for a trial of nicotine replacement therapy for smoking cessation in pregnancy. The study was a randomized, double blind, placebo-controlled trial of the safety and efficacy of the nicotine inhaler in combination with behavioral counseling for smoking cessation during pregnancy. The Institutional Review Boards at UConn Health (Farmington, Connecticut) and at both of the enrollment sites−Hartford Hospital (Hartford, Connecticut), and Baystate Medical Center (Springfield, Massachusetts)-approved the study protocol. The study is registered on http://Clinicaltrials. gov (NCT00888979).
We began recruiting study participants in October, 2012 and stopped enrollment in March, 2016. Subjects were primarily recruited from prenatal clinics at Hartford Hospital and Baystate Medical Center. We also accepted referrals from private practitioners. Study staff identified smokers and inquired as to whether they were interested in participating in a research study. We included women who smoked at least 5 cigarettes per day and who were unable to quit smoking on their own during pregnancy. We excluded women who were at greater than 26 weeks of gestation, had unstable medical problems, or were using either medication to quit smoking or electronic cigarettes. Interested individuals were then seen by research personnel.
We obtained written informed consent (available in both English and Spanish) prior to collecting any information at the screening visit. As part of this initial screening visit, we collected demographic information, medical and obstetric histories, and smoking history. The smoking history included questions about the number of cigarettes smoked per day recently and prior to pregnancy, number of years of smoking, smoking status of partner and friends, number of household smokers, perceived support for staying abstinent, and the composition of the household (including age and relationship to the subject). Women were also asked about their current and past use of other tobacco products, including electronic cigarettes, number of past quit attempts, and their previous use of any adjunctive treatments to stop smoking. Because of the bilingual nature of our population and the concern that we obtain complete data, research coordinators collected answers to the questions "Have you ever tried electronic cigarettes?" Another question was "Have you tried electronic cigarettes during pregnancy?" If affirmative, the participant was asked further questions, including her reasons for use during pregnancy.
We also administered several standardized questionnaires at the screening visit. The Fagerstrom Test for Cigarette Dependence 18 was administered to measure severity of dependence on nicotine. A score of 6 or higher indicates high nicotine dependence and a score of 5 or less indicates low-to-moderate nicotine dependence. The Patient Health Questionnaire (PHQ-9)
19 was used to screen for depression. The Patient Health Questionnaire (PHQ-9) items are scored 0 to 3, providing a total severity score of 0 to 27. The Smoking Cessation Self-Efficacy Questionnaire 20 was administered to assess the participant's level of confidence in resisting smoking across nine different situations. For each situation, subjects rated their level of confidence to resist smoking on a scale of 1 ("Not at all confident") to 5 ("Extremely confident"). A total score was calculated by summing the scores for each question. Motivation to quit smoking was assessed on a 10-point scale, with 0 being "Not at all motivated," and 10 being "Extremely motivated."
After the study started, we added questions about electronic cigarette use during pregnancy. Women who were asked these questions (N = 103) are the subject of this report. Women who reported using electronic cigarettes were asked about the length of use, frequency of use per day, reasons for use (where they were asked to identify all that applied: to quit smoking, reduce smoking, curiosity, availability, health benefits), in which trimester of pregnancy they had used electronic cigarettes, and the type and brand of electronic cigarette used.
Prior to statistical analyses, we classified variables as continuous or categorical. Continuous variables were summarized by sample mean and SD. The conformity of the distributions for electronic cigarette users and non-users to normality were tested by the ShapiroWilk test. If both p values were greater than .05, that is, providing no evidence to reject the hypothesis that both were normally distributed, we compared baseline differences between electronic cigarette users and non-users using a two-sample t test. Otherwise, we utilized the Wilcoxon rank sum test.
We summarized each categorical variable by a frequency distribution or a bar plot. We applied the Fisher's exact test to compare binary categorical variables between electronic cigarette users and non-users and the chi-square test without Yates's correction for continuity to compare categorical variables with 3 or more outcomes. If the chi-square approximation was inadequate due to sparse cells, a Monte Carlo p value was reported based on 10 4 simulation replicates. To make our results reproducible, we arbitrarily set the seed number to 987 654. A p value smaller than 5% was considered statistically significant. All of the statistical analyses were performed using R 3.1.2.
Results
Demographic and other characteristics of the 55 participants who had ever used electronic cigarettes and non-users are shown in Table 1 . Ever users smoked more cigarettes prior to pregnancy (p = .049), had a greater number of previous quit attempts (p = .033), and were more likely to identify as being Hispanic or non-Hispanic white than never users (p = .027). Although the differences were not statistically significant, ever users tended to be less educated (<High school: 40% vs. 25%) and more likely to report a history of depression or anxiety (67% vs. 50%) and substance abuse (45% vs. 31%). Other baseline characteristics were similar between the two groups.
Thirty-five percent (35/103) of participants reported using electronic cigarettes and/or an FDA-approved medication during a previous quit attempt. Participants could check more than one response. As shown in Figure 1 , the highest percentage of subjects (ie, 15%) used electronic cigarettes as an aid in smoking cessation, followed by the nicotine patch (14%), nicotine gum (7%), varenicline (4%), bupropion (2%), and nicotine inhaler (1%). None of the subjects reported previous use of the nicotine lozenge or nasal spray for smoking cessation.
Smoking characteristics of users and non-users of electronic cigarettes during pregnancy is shown in Table 2 . Fourteen percent of women (14/103) reported using electronic cigarettes during pregnancy and 89 women denied such use during pregnancy. Women reporting electronic cigarette use during pregnancy were more likely to have a history of substance abuse (p = .043), and a greater number of quit attempts than non-users (p = .018). There was a trend for lower self-efficacy in users, but this was not statistically significant (p = .057). Among the 14 women who used electronic cigarettes during pregnancy, 10 had done so in the first trimester. The length of time using electronic cigarettes ranged from 1 to 30 days, and the number of times that electronic cigarettes were used per day ranged from 1 to 25. Women could check more than one reason that they used electronic cigarettes during pregnancy. Eight of the 14 users indicated that they used them to quit smoking. Only five subjects could recall the brand of electronic cigarette that they used (four Blu electronic cigarettes and one Greensmoke).
Discussion
We found that approximately 53% of pregnant smokers entering a medication treatment trial for smoking cessation had previously used electronic cigarettes. These women smoked more cigarettes per day prior to pregnancy, had more quit attempts, and were more likely to identify as Hispanic or white non-Hispanic race/ethnicity than never users. Women were more likely to have used electronic cigarettes to quit smoking than any FDA-approved smoking cessation medication. Approximately 14% of our sample used electronic cigarettes during pregnancy, the primary reason for which was to quit smoking. A higher number of previous smoking quit attempts, and a history of substance abuse were also associated with electronic cigarette use during pregnancy.
The association between ever having used electronic cigarettes and smoking more cigarettes per day prior to pregnancy, and more previous quit attempts suggests that those who may find it more difficulty to quit smoking are more likely to try electronic cigarettes. Our findings are consistent with those from a national sample of adult smokers, which also showed that electronic cigarette users had more quit attempts. 22 However, in that study, participants also had other characteristics that may have made them less likely to quit smoking (ie, higher nicotine dependence severity, concurrent use of different kinds of tobacco products, more depressive symptoms, and past use of multiple medications to quit) that were not statistically significant in our study. Although the explanation for an association between a history of substance abuse and electronic cigarette use is not clear, people with a history of substance abuse may be more novelty seeking and thereby more open to trying alternative treatments for tobacco use and dependence. Persons with a history of substance abuse also tend to be heavier smokers. [23] [24] [25] Of note, a recent case report described a pregnant woman in a substance abuse treatment program who, after learning that she was pregnant, started using electronic cigarettes with the intent of quitting or reducing smoking. 7 This case report is consistent with the association that we observed between a history of substance abuse and electronic cigarette use during pregnancy, as well as the reason for using them (ie, to quit or reduce smoking).
We did not anticipate that women in our study would be more likely to report using electronic cigarettes to quit smoking than any FDA-approved medication. This is especially true because electronic cigarettes are not FDA regulated, and it is controversial as to whether they are a safe and effective treatment for smoking cessation. [26] [27] [28] The high rate of use of electronic cigarettes for smoking cessation may reflect the fact that they replace some of the sensory-motor motor aspects of conventional cigarette smoking. They are also readily available, widely marketed, and come in a variety of flavors. In fact, according to a recent policy statement from the American Association for Cancer Research and the American The t test was applied for continuous variables that are normally distributed and the Wilcoxon rank-sum test was used for non-normal continuous variables. The Fisher's exact test was applied for binary categorical variables and the chi-square test was used for categorical variables with three or more outcomes. Society of Clinical Oncology, more than 7700 flavors are available on the Internet. 29 By contrast, nicotine gum comes in just two flavors. Like electronic cigarettes, the nicotine patch and gum are also available for over-the-counter purchase; however, neither is widely marketed nor are these products the subject of media attention. Some electronic cigarettes may cost less than pharmacotherapies, which could be a factor for low-income individuals, such as those recruited to participate in our study. Flavored electronic cigarettes may be particularly appealing for some individuals because they mimic the sensory aspects of smoking, which may be especially important for female smokers and women who are pregnant. 30 Given the acceptability in this population of using electronic cigarettes for smoking cessation and the lack of effective medications for smoking cessation during pregnancy, electronic cigarettes could be useful for cessation in this group.
We also did not anticipate that 14% of women in the study would have used electronic cigarettes during pregnancy. However, this finding is consistent with a recent report suggesting that young adults perceive electronic cigarette use to be less harmful than smoking during pregnancy. 6 Suter et al. 31 also suggested that there may be less stigma associated with electronic cigarette use than smoking during pregnancy, which could increase electronic cigarette use by pregnant women. A survey of obstetricians found that although 29% believed that electronic cigarettes are likely to have adverse health effects, they viewed them as safer than cigarettes, which could also contribute to their use in pregnancy. 32 Indeed, considerable evidence suggests that many electronic cigarette brands reduce exposure to reproductive and developmental toxins such as nicotine, carcinogens, carbonyl compounds, heavy metals, and carbon monoxide compared to tobacco smoke. 9 Although available evidence is that electronic cigarettes would likely be safer than conventional cigarette smoking electronic cigarettes may in some cases present risks during pregnancy that either are not present with conventional cigarettes or exceed the risk associated with cigarettes. This is particularly the case given the considerable variability among electronic cigarette brands. A national survey showed that over 75% of electronic cigarette users also concurrently smoke conventional cigarettes, 1 which theoretically could produce greater nicotine exposure than that associated with either method alone. Because nicotine has been shown to be toxic in animal studies, 33, 34 it seems prudent to minimize nicotine exposure during pregnancy. One study showed that electronic cigarette tank systems using a very high voltage could markedly increase formaldehyde exposure compared to conventional cigarette smoking. 16 Although it seems unlikely that electronic cigarette users would use voltages comparable to this laboratory study, it is noteworthy that an increased risk of spontaneous abortion and other adverse reproductive outcomes has been observed in pregnant women exposed to formaldehyde in the occupational setting (ie, textile workers, lab and wood workers). 35 Propylene glycol, a medium commonly used in electronic cigarettes, may have an irritant effect, 15 which could be problematic for pregnant asthmatics. Additionally, flavorings and other additives in electronic cigarettes, although approved for oral consumption, may not be safe when inhaled.
14 Studies in human embryonic stem cell lines have shown that some flavor additives are highly toxic, though the clinical significance of these findings is unknown. This is particularly true for cinnamon flavoring, which is an electronic cigarette flavor choice. 17, 36 There also may be adverse effects of electronic cigarettes that have not yet been identified.
Strengths of this study include its focus on electronic cigarette use in pregnancy, a topic on which there are few published data. The study is limited by the fact that the questions regarding electronic cigarettes were added after the study began, so that not all subjects were asked about their electronic cigarette use. Consequently, the sample size is small, which limited our ability to find significant correlates. A potential bias in recruiting pregnant women who were unable to stop smoking during pregnancy is that they may differ on a number of features from the general population of pregnant smokers. The study is also limited by the fact that we surveyed women entering a nicotine replacement trial for smoking cessation during pregnancy. Consequently, we may have overestimated the use of electronic cigarettes in this population, as these women may be more likely to use electronic cigarettes in pregnancy because of personality or other features. We may also have under-estimated the use of electronic cigarettes in this population, as many women prefer to stop smoking on their own, rather than enter a formal treatment program or study. 37 Excluding current electronic cigarette users in our study could have introduced bias by lowering our estimated prevalence rate of electronic cigarette use and days of use during pregnancy. Women who are current electronic cigarette users may use electronic cigarettes for longer than the average 2 weeks observed in our study.
In summary, we found that the use of electronic cigarettes is not uncommon in women of childbearing age, including those who when pregnant are unable to quit smoking on their own. Studies are needed to determine the risks or benefits of electronic cigarette use for smoking cessation in pregnant women and the impact of electronic cigarette use on reproductive and developmental outcomes. Regulation of these products is needed to ensure that toxicant exposure is minimized for people who may use them, including pregnant women.
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